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(57) Abstract 

An optical waveguide of a system in which the diameter 
of a core is constant in the optical wave propagation direction 
with the diameter of a mode field at input and output ends 
increased by reducing An toward the input and output ends, a 
diflerencc An between refractive indexes of a core and a clad 
of the waveguide along the optical wave propagation direction 
for improving a coupling efficiency and tolerance in a 
connecting operation having a An variation region in which An 
varies from An I to An2 (Anl > An2), a cross-sectional shape 
of the core not varying in the optical wave propagation 
direction, characterized in that an X-Y plot in which the X and 
Y axes represent the coordinates of An variation region in the 
optical wave propagation direction and An respectively 
projects downward, and an optical fiber. 
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(Dose) &(Dn^m^mm-r ^ z mz J: . mm!^<Dmmt^wmt tj: 
So =»T©«t*i«m^j^®Ms*®jBic<fc^Tz]> h n — j\^-r ^ z. t t^x 

?>frM©-1^-^ X© 3 T «r J^^-r -S C i: *<T* # S . d d T- . ^&K®3te»[(g 

mtm:^i^tz'^'ox$^it-t ^^mm^^i^^-t ^ :l nii^x t ^ o mm(D 
^L. m^mm^^m Lx ^ ^ o 

. C ® <fc ^ jS: P9 S ^ ^ L ^S: v^ . 

fcMt S ff^ , -r 'S: t5 , m ^ t:: <fc y a ^ ^ ^ L gp © Jf^ « , 

n'iFm(om^mt.m^<o:xLif.j\,a^'-tnz^ *) m^«imx s> . L*^=t, 
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2 0 

■t^X<DjfiV ^ < K$:it««i:-rs. m X i:£ &.r ^-^ 7- h ^7 Jl m > m 

M ^ tc S ift t -fk ^ ^ *^ ^ « -r <5 c i: T ^ .i? y $ K # f*^ . tJ? U 

5^ K ^ * ^'l' ;H > K t± , \^ o J< *J ^> hm, Jf- "f- if U 0 y hm . y. 

Sft, tf;^ {3, 5-i^^5^>>l.y'3^y:^ri>} if u :< V y h Sti)^ ifo ^ . 

2. 3, 3' , 4' -tf7i-^b5=-h^3!7;l..-fx>gft, 5, 5' 
-S;>t^;P-3, 3' , 4, 4' -y" h ij bfy j^-jU^ 2, 
2' , 5. 5' -9-h^^^Ji^-3. 3 ' , 4, 4' -5=-h^*;b;t?# 
i^fc^7ai->>l/, 1, (3, A - ViJ )Vi3^^iyy J i^i/) \f y 

i — -'I', tr;^ { { ^'^)V) t> ij i/ y X. J ^ ) \fy:,.-)V, \f y. 

{ i i/ ij Ji^tiK ^ y ^ ^ i> ) (.i^ y-^jv) if y jl - ;v , \^y, 

3, 3' . 4, 4' - h ij JI^jH ^ y =L J], ju ^ 

2, 3. 3' , 4' -5^h^*>»P;}?=¥2/5?7i-;Uai-5^;i,, 5. 5' 
-i?>t^;U-3, 3' . 4, 4' -5=-hv*>»l/;J?^i>i^7:ii->>l'3Z — 5^ 

\f7. { i^5!j;l/4?:5fi>7xy^i>} i^7x-;Ux--7^;i.. 

3, 3' , 4, 4' -^>l/7ai>'>5=-S^*>»Ix.-J?>K, 5, 5' -i^ 
^J-)V-Z, 3' , 4, 4' -5=-h7:^>'U4<#i>^>y7xy>;;>ti>S. 

2, 3. 6, 1 - 7- -ti )\^i!M>c i/ -t y ^ \y y ^ 1, 4, 5^ 
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1 



•ry^l'y. 3, 3' . 4, 4' -■rh^*^ViJ^=¥i>i?7x-;U^^>, 

2. 2-1^7. (3, 4 - JVjH ^ y - )V ) Zf U > ^ 2, 2-lf 
7. {4 - (3, 4-5?*>;U7H4r'>7i>'=¥i^) 7xci;H yo-'^^, 

1, 4-tf7.(3, Ar - i/i] )\^TSMi^i/y :i. J i/) ^i^^y , tTT. 
{ { )V) i> ij jvtH ^ y X. ^ ^ } ^ > -tf > . 7. { i ^^JV) i> 

> -If > * s . 

3, 3' , 4, 4' -■rh^*>'l'Ji?*i'i^7xc^;l^7>;i''-t^>, 

3. 4, 9. 10-7^h^7t7;W4^d(-i"^UU>, k^7.(3, A ~ i/ ij )V 
ifs y =. )V ) 1. 3-br7. (3. A - -fj )V i^^ ^ 

i/y :l — 7- ^7 :^ "f- )^ i> o >mt^h ^ o 

^>-lf>, 1, 4-5?T5y^>-tf>. 2, 4-i^T57S>»l'Ji:>, 2. 
S-i^T^yhyUni^, 2, A - T ^ ^ ^ i> > . i?;<-?^;U7x — U 
>S?T5>, 2, 4-S?T^>'7^aUi^^ 2, 3, 5, 6-7^h^;<^ 

$y-xf^;U^>-tf>. 2. 5-5;757-'N:^i>;i,^>-tf>, 2, 5 
-S^T^y-r^/W^V-tf:^. 4-«:;>7'7!j>'=Je-S'-1, 3-i^T$>' 
. A-y^y^>-l, 3-i?T$^^>ir*>, 4-^7'iSfy' 
3-S^T5y^>-t?>, 4-:*-^'^>'^i^-l. 3-S?T5 
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^y'^vif^***^. 1, 4-i^7> (p-75y7airi;i.) -t>-tf>. 

5/ U ;l/ ) ^ > -tf > S . 

2. 2' -i;^5^yu_4, 4' -i;T$>'br7x:^>>l., 3. 
3' -2;;>t^;U-4, 4' -i^T^yif^ac::!;!., 4. 4' -i^T^^ 

^U. 4, 4' - i'T^yi^^i-v'l/ai-T^^U, 3. 3' - ^ ^ }\. - 4 , 
4' -ir^T^yi^^x — ^W:!: — 5^;U, 2, 2' -iJ;<^;W-4, 4' - 
i:^ T ^ J y :xL - JV ai - 7- . 3. 3' . 5. 5' -7-h^>^^J\^-4. 

4, 4' -i^T^yS^^x-^U^iSJ^, 3, 3' - >^ ^ j\, - 
4, 4' -i;7^>'i^7x^;W^^>, 1, 2-tf7.(T-Uy)a:^r 
2, 2-1^;^ (P-T^y^x-^U) ^DA>, 1. 3-bfX (T 
-'J>')yD/';>, 2. 2-l^7.{4-(2-T$y7xydti^)7x 

yoy^>. 2. 2-tfX {4 - (3-T5>'7x/^S/) 
^W} 2. 2-lf7. {4 - (4-y$y7xyA^i/) y 

7^P/^>. 2, 2-tfX {4 - (4-T$>'7xy^«>) - 3. 

:/0/^>, 2, 2-tfX {4 - (4-T5y-3-^ 
y oL-jv) 7'o/^>. l, a - \^ y. (r ->) ^ ) y ^ 
>> 1, 5-l^7.(T-'Jy)'^>^>, 1. 7-1^7. (T - 'J y)^ 

4» > A< * s . 
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2 3 

t tz. 4, 4' - 7 < >^ y - ■>\^ 7.Jl7i-- > . 4. 4' - tf;^. (3 
(4-7$>'-2-^^;i/7i>'=^i/) 5^7a::r;l,7,;u.ix>, 4, 4' 

3, 3' -S?^^;U-4, 4' -S^T$y^>V^7a:y>, 4. 
4" - i^T^y-p-T^JW^i-^P, 4. 4' ' ' -pr^^-p-/7 
— -$1 — y^L-jl., P 7 ^ >^ 7 y h ^ ^ y > . 1, S-i^T^y^^iSi 
2, e-i/T^^T^^^iUV. 'Oi'S^^, 2, 2' 

3, 3' - P :^ 'f- )\^^ > i? > . 3, 3' -i^^K^Jpi/^ 
>i^i^>, 2, 2' - 3. 3' . 5, 5' - y- 

h =^ ^ 9- > > . 3, 3' - t^7 ±^Ji^^> > , tfT. (4- 
T^y7x:^>i')7>>'i'7'CK, 1. 3-k:;x.(3-T^>'yptf;J^)5^ 

^ * ^ . 

^ BJ (2 is v^ T > m ^ IS fiS il Sfc , ± Si ^ 7 K »^ ^ f -5 (^5^ H 
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An*<An l*^'iAn2(An l>An2)t::SE<k-rSAn^-f|;^«S:;fr 

-^U Kfl^JglelK® J: ^ {Z, SS® JCiS-^ < (conx , nT®j0^^;:,< 
(STL, =1 Tti*<i£A-r (± . IlifiLK* S T -< 

{Cjt^-:? A n ^>fb«J«<DJ^«? $r XW (X=0-L) , A n $r Y (ft 
i:LfcX-Y:/D->h§:, An(X) = An l-(An l-An2)x{X 

/'L)«<Djf^T^mLfe«^c. o.i<<u<o.7 5©ii#tc, t^m<om 
~o.3 3 *««iaiiT'*)Sci:*t4?A^-r>fc. ±fis,(Dm9nm^ L ^ n 

A n ^<b«S«®J^«i^ Xtt. AniSrY$ft<i:LfcX-Yyp.>h*^ -fr,^ 

ai:^6^c< T^. :)fei^eiS75-|SHC?e-DfcAn^<b«gJ^(3!)J^^$:X4tt 
(X=0~L). An^YWi:LfcX-Y7'o.yh7!)^. An(X)=Anl 
-(An 1 - An 2)x(X/L)° ' T-^^n-5fti|ti:An(X) = An 1 
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2 5 

-(An 1 - An 2)x(X/L)<»"^T'^$nSiaiai:T-ffi*n-5««t- 
K- ^"^ > h T 36 S G e (iffilH L . JS »f ¥ ^d- ^^J *^ ^ "f S . G e <Dmm% 

<omm<D9snz. y 7 ^ ^^(oum^^ i:mmi=.m^'r ?> i^^^ii^ $> ^ . y7 
^"^o^mm^^j^ '^m^sii ^^^i:tiimmms.(Dm^'^t>'^iz J: ■z>x . y 7 
j<<Dum^^ ^ =1 > h a — ju-t <, mxit. 'ii^mtf p.mm.y xj\^^m. 
sLfcmm<FtcfeWNT(i, m^^-n y 7 ^<^mmLt3:i>^ ^ mm^x 
jvi)^i^(D'i^Wify.iz^-:>xy 7^y^^mmff3iznim-t^. mm^^ X)1'<d 
mm.m^m'p-t :i inz ^ ^ X , j: u #«b«B*^«:ja«T^<D^m»jffli*<orti 
tcj&s. isssfi^. yr-(^<^<Dify.v»!.^Hifnm.^j:if^. mmm^m 

%m^<D^f&^m V 1^ X ?>%:^-f y ^ izmmr ^ z inz ^ X ^ (Dmifb 
^^mm-r^ctt)<x^^. ^f^moytm^^m^ 2 &.±^ ^ . 20© 

WiU(D^^m *) w PL ^ it m ^ &.T <D <D X ir> . ^ 
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ift 7. ^ y ^ <D JSLUb tz m L t:^ 1& <D T ^ =L a:. — ^ C X li: . JtJ^ 

^m±<Dmm{^tyt7.-(y^ifi-ss^izmm.Lrzwm^^^m^t^m.3^^ 

^ ^ <D m m L tz T ^ JL — ^ tj: i:; ^ i) . ^7.^ y ^ i: W 

U^AS®fC4gMI«i:*$:|R|^7?#S=t©-U*ntf, i^m-T ^ Z ii i><X ^ 

co^^f^ir T'#s. ^jAif, m-(Dmmm9t<D'biixtt:(Sfr^ 

^ ji^st A-t ^m-^it<^^^ o ::®j:e>^^#{c. mnomigi^X'itm 

(± ^ . 
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— K ® ^ — K II i: — g( L , *^ . it « jgi 8S CD 3te 7 T fflll i[a ® «c tt 2» 

- ;u K s It TM± < . ytmm&t^ ^ tiim^<otiim^(DfMii!)< 0 n ^mm 

tli *t t* — A <D m U ^ Sr S!J iSSl T- # S © T- . U > X i" S H Jfic < . 

@ S ISf # ^ 1% IS 

mm) -C^S, ^i«i^<D»l«8(X=10mm) (ZfcMtSAntt, An 2 = 

0.0006 -e*>s. 

^2iati, XHlF3&fliSll^®B2g®T*>S. 

^3|g{±, ^^miZ ^ ^mi&^<D . 1^ f^m - X \y Iff ^ m (D Zf U y h 
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T'feS. mr&mCDl^'^miZiSl-f^Anit. An2 = 0.00 06 T'*S. 

■C*)^o «»[i^®^^ffijc fcMtS A n An2 = 0.0009 

^5®f±. *^§8{ZJ:SI9«SKD, Ismail S-XH1=gc fa ©yovh 
T'«)S„#ig^K®jig^ffi(C*>MtSAn{±, An2 = 0.00l2 T^)*. 

y h 1? -5 . 

cD^^nsia T -s . 

-e *> s . 

IBl 10 B80{z^i-#jjfeKS/2|Hi%lX2)tX-rry5=-(D|^ijiffllI 
T * S o 

0 T *> 5 . 

1. 1' •••An=An2©i»®, 2. 2' ••An=AnlO[)i!Sffi, 3. 
3 ' -37. 4 , 4 ' - ^ - K 7 ^ - >)l, K , 5 • • <tt X U g . 1 I - y ;u 
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14, 15. 16, 1 7 $ ^ - . 1 8 ••• ^ Jft 7. X - . 1 9 ••• IS 3|6^ ^ 
1^^, 2 0, 2 1 -U>X. 2 2-iS3|^. 3 1 •••m^*;P, 3 2-i^®>' 

3 3 - ^t^ 7 3 4 ••• 7 T W 4 1 3^ 7 T , 

4 2 nri&M3fe#S^^. 4. 3-)^ 4 4 - S/ a > SIS , 4 5 •■• «1[ 

4 9 5o-%Ktim. 51. 52-ffig}*^?)$nifeitf**> 

1(5. 5 3-Rr»I^3fe#i«K4 2a(D4gEi. 5 4-ia^§a316«jftM4 8a 
<7) Sa ffi . 5 5 • ^ « )t ® =t — K 7 — >»W K V 6 1 • • 5 ^ S « . 6 2 U 
— ^fiSr^:^ — K. 6 3-P-->fijr^:^-KI9:gffl®?L. 6 4 ■■■ y :t h ^ 
K, 6 5-7:th^-l':4-— Kia:SffltD?L. 6 6--3l&^<DAn — 
6 7-^«[K©AngE5'fk«H«. 6 8-«»[»SjBffi, 6 9 •••3^7 
r-Yz-^H^SI. 70— 3fe7r-r/^. 7 i •■ ilty 7 <D Z2 y . 7 2. 
7 3 ••• =t - K 7 — >»W K , 8 1 ••• i/ y □ > 2S « , 8 2 ••• .-fx U T jS , 8 3 
"-m 7 5 0 ^ ^ n >(Dm. 84, 8 5 -«iftJiS, 8 6 ••• »[ :g jg 7 >f ;b 

8 7 ^ - K 7 ->»U K , 9 1 "S^HiK, 9 2 • • 
K. 9 3-P--tf^>r'*-Klftgffl®?L. 9 4...ia[2fifcKcDAn-^1S«, 
9 5 - • A n ^^b«l^ > 9 6 -^ilfcKSia® . 9 7 - - K 7 ^' - 

^I'K. 9 8 -36 7 T A|l^?fl> 9 9 ••• 3te 7 7 . 1 0 0 - 3t 7 T -f 

/•t©nT. 10 1-AnM!H>>te«i«iS®3T. 10 2-An«6ytW3te»iS 
l^<DAn-^«^. 10 3- An$ya¥)t#iRgS©M«T^^Yb®J«> 104 
•••An$y«J3t«&«&®«»[K«®, 1 0 5-i5«3te®^-K7^-;WK, 
106-An = 0.0045 T'— ^©3T^S8A^m(D^«[^S. 107- 
An = 0.009 X' —M(D:n 7^4 fimOymm^. 108—An = 
0.0045 T-^®37^8Atm<D^»[«S. 109. 110-#»[«S 
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1 2 3 - K7 >r 1 2 4 - 0. 2 M m CT)^ □ Aom-® A 

^ 2 5-t^7.^ y^m^l 2 Hz^^mAt?>mfgi^. 126 

(^m,m 1 ) 

mm.^ ( 1 ) (X = 0. 8 4 ) -Xf^lB^ tl^Tfx y ^ ^ K©M«2#:T*S.-fx 
i£fCj:y^^Lfe^, 100TCT-lB$r^$e{C 350 -CT'305i>ra'^- 

«a:*<^;ns C & IS6 <• fc«t)C . 7 «>^'fb,-n y ^ 5 KJgl^ti±(CT^P 5 - 

m?«a®Ani$ai4^yl,:^-ti2 5 keV. 8 ii^ m T' . g$ 

iJ^T® J: IC LT«!ll»Lfc, « ^ tf - A S it t * T . St>JcSia^*^ 
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tzo m I m<o xm\t . iftm.mn:^f^iziiei-o tcmfi!ii&(Dmm (mm mm) 

T'S)-5. m^J^CDBj^iX = Oiam)i)^ io X = 4 . 6nm *T-Ji, An— ^<gg 
J*T'*)oX, An = 0.0 04 5l?*'5« X=4.6mm*^e>,M^S(X = 
10 mm) i-^tt. Anjgcil>^^7?*)^T. X=10mm^Cfe^^Tti, An 
= 0.0 0 6 T'*)S„ A n m^P-mift^ (X = 4.6mm) H miSL^ (D Xmm 

©^«:AX(=x-4.6) Ann^mmiztsif?>mmm(D 

M *i A X » • * tc Jt 0U -r S J: e» ic . A n 'fb « tt -5 A n ® ^i- 1^5 
=S:ig:^Lfc. -r^t>*>. X=4.6~l O.OmmCteV^T, An(X) = 
1.5045-(1.5045- 1.5006)X((X-4.6)/5.4)<'* 

tUAco C.<D J; ^ A n ^^<D#jSK ife J: e» {1 , IS ^B^ 7. 5" - ® 

m^^^mmi^tzik. mm l tzy y mit:^-') ^ )^f^±<DTJi^^-o 

AjB$:3i.y5^>^^j0[-Cl^*L, 7j<jftLX. 1 0 0 X: (O yt^ y h Zfl' — h ± 

2 i^muamLj^- V -( ^ i^m^^mLtzo }k^^X'. miEmj^^ ( ixx 
= 0. 8 4)-e^iB$ns.i^u ^ }i <d m mi^ x- $> ^ v r < v ^ Wl^ 

tf > =1 - h J: y L , tc J; t) ^ K -fb L T ± gp ^ ^ K «r 

Lfc (^-n^-n^liSlfi^iJl a~l h) . ^n^tl©jaiJT^^i-^1i«:^l^fC 
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m 1 m 



ailh) S:An=An 1 - (An 1-An 2)*[(X-M)/L]* <y t L tz 





A ^« w Asa 1 1^ r~t y « ^ X 

A n — ^^^S(M) 


A n^^tmi^&(L) 


A n 1 


A n 2 


O) 


a 


4.6iimi(x =0~4. 6mm) 


5. 4mm(x =4. 6~10. Omm) 


0. 0045 


0. 0006 


1,5 


b 


... . 








1.0 


c 






t 


T 


0.75 


d 








T 


0.5 


e 






T 


T 


0. 33 


f 








T 


0.2 


e 










0. 15 


h 










0. 10 


i 


6.4inffl(x =0'^6. 4mm) 


3. 6mm( x =6. 4~10. 0mm) 






1.5 


j 










1.0 


K 










0.75 


1 
1 


1 


! 






0.5 


m 










0. 33 


n 










0.2 


o 










0. 15 


P 










0. 10 


q 


7.3ob(x =0~7.3mm) 


2. 7mm( x = 7. 3~ 1 0. 0mm) 






1.5 


r 










1.0 


s 










0. 75 


t 










0.5 


u 










0.33 


V 










0.2 


w 










0. 15 


y 










0. 10 



^<omfA&^i^9kLtz i ti^' tim.s&m I i-iy) . 
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-'^(Dmiii&m±^^mv tzm-^tomzk^m^^mt: i tux, 

Sr. ^2gHC^-rJ:^tcLTAn©/jN$J5:«g®l, 1' SrgJ-rSJc^tC 

i^^L, mm 2 i)^ <^%^ xm I. . mm 2' o m tj m:k /s: ^ j: o 

tzmfA^ I f, 1 f' ©^aS^t)-l4:$rtfofc. ^CDj^m. 

9 0%, XH^3SFMttl7/im-C^ofco la~ly(^)^a^SCo^,^X 

l^«ft®tf-a!l$:?Tofc. 1 a~l yCot^T. ilS^S&^-XH^S^M©:?' 

»0An (X) *«l^b®^{Ct±. ®»f ^^-fblgJSM L *<g < ^ 2» « if . 

j^^9bmti ^xf X uf^mmi)<m ±-t ?> o mmmmitmf^^^mxit 3 mm 

iiK±<D ^ ^ iZ-i- ^M.^^m L X m^-r ^ . AtKD^^^, An(X) = 
1.5045-(1. 5045-1. 5006)x((X-a)/b)'' (a :JS 

ijfm-^^«:g. b : mmm^itmi^^) t Lt^ii ^ iz. M^^j^iJct 

trXUi^^ffi^rSig'fb-r-Scuti, 0.1<cu<0.7 5X'*S.!|#H, w 
= 0.2~0.3 3®«^»c;i. ife^«&mt*90%T?tjt3fe®^liS«S<!l|ll^ 

X I' if^ ^ m It 'Hi. ^ (o m <D 3 is iz ±t ^ o 

SrifSCilX'^-So $e{C, 3tifi{5«8:S-(nI(C)OofcAn^'fb^^C[)^<^ 
SrXItt, An'SrYtt-hL^cX-Yyn-yh*^. TJCdtO&ntf, «ig* 
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itmi^<Dmm^ Xtii (X=0~L) . ^n^Y^AHLtzX-Y^nyh 
*<, An(X) = Anl-(Anl-An2)x(X/'L)«' T'^^nSfli 
MilAn(X) = An 1 - (An 1 - An 2)x(X/L)'> '*T'^$tL-5ft 

( ^mm 2 ) 

-fi^a 2 a ~ 2 y ) . 
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M 2 m. 



$rAn = An l-(An 1 - An 2)*[(X-M)/L]' cj ii L t=. 









A n I 


A n 2 


0) 


a 


4.biiim(x =0~4.oBimJ 


5. 4mm vx = 4.D~10. 0mm; 


0. 0045 


0. 0009 


1. 5 


• 

b 










1.0 


c 






! 


— ! — 1 


0. 75 


d 










0. 5 


e 




T 






0. 33 


f 






T 




0. 2 


g 










0. 15 


h 










0. 10 


i 


6.4m]D( X =0~6. 4miD) 


3. 6mm ( x =6. 4~1 0.0mm) 






1. 5 


j 


t 








1. 0 


k 










0. 75 


1 










U, 5 


m 












n 










0.2 


o 










0. 15 


P 










0. 10 


q 


7.3mia(x =0~7. Sum) 


2. 7mm (x =7. 3~10. 0mm) 






1.5 


r 










1.0 


s 










0. 75 


t 










0.5 


u 










0. 33 


V 










0.2 


w 










0. 15 


y 










0. 10 



An— ^®<gcT*tt, An = 0.0 0 4 5-??S>y, AnjgtiJ^M^T-An 
tij^^L, #ijS[SS®*l«S3 (X=l 0mm) T-tt, An = 0.0009i:'&: 
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3mm&,±<0 J: lZ-\-^^\,^mt. LTH^-TSt. An®^^$:, 
An(X)=1.5045-(l. 5045-1. 5009)x((X-M) 

ilS^?»^feJ:i;fXH^^{e$:«iiS'fkt--5ol±. 0. 1 <cy<0. 7 5T'*> 
Solute. 0=0.2 ®Jg^tCtt,j|g^5»^ti«t3t5©3»iK?S©9 7%T 
*>^TSiri^^T'*S*<, XH^F^{at*ti!e3t5®»J!S«S®2.5 ^tcr^± 
*fc> ififiiW C cn ^ ® BllfKJ^ti JSC nff , ±iB1#ttfC jgVNiK^5» 

An^Yb««<DJ^«S:X»li. An€rYtti;L7tX-yXO'yh*<. Ttc 
di ^ n t# . S jS ^ is v^ It 1# S C <>: A< T- # o !^ (c T C di i: 'S: 
e'&:<T=fc, 3te»[<K«8:«riSltci0ofcAn^'fb®«®;^««:X«i (X=0 
~L) , An$rY*4^LfcX-Y>^0-;;h*<. An(X) = Anl 
-(An 1 - An 2)x(X/L)"' ' •^m^tl^mmilAn{X) = An 1 
-(An 1 - An 2)X(X/L)«'^*T-«$nSffii»^Tffl*n5««tC 

*ttj#. S5iBi®j|g^i»^fe<kt;fXH^^^c*ft^x«nfe!^tt*<t§ti>ns. 
( Il»s0y 3 ) 

0!l 3 a ~ 3 y ) . 
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3 7 

m 3 m 



mm) S:An = Anl-(Anl-An2)*[(X-M)/L]*ft) t L tc 





A n —^m^&iM) 


A n ^-fb-Sl^zSCL) 


A n 1 


A n 2 




a 


4.6miD( X =0~4. 6inm) 


5. 4mm(x =4. 6~10. 0mm) 


0. 0045 


0.0012 


1. 5 


b 










1. 0 


c 










0. 75 


d 


T 








0.5 


e 




T 






0. 33 


f 






T 




0.2 


g 


T 








0. 15 


h 










0. 10 




6.4mm(x = 0 — 6. 4inm) 


3.6mm(x =6. 4~10.0mm) 






1.5 


j 










1.0 


k 


T 








0. 75 


1 










0. 5 


m 










0. 33 


n 










0.2 


o 










0. 15 


P 










0. 10 


q 


7.3iiim(x =0~7. 3mm) 


2. 7mm(x =7. 3~10. 0mm) 






1.5 


r 










1.0 


s 










0. 75 


t 










0.5 


u 










0.33 


V 










0.2 


w 










0. 15 


y 










0. 10 



An— ^^^Tti, An = 0.004 5 T*)»J, AnMii^®*ST-An 
tt^'> mf&^(Dmm (X = 1 0 mm) T'tt, An = 0.00 1 2 t ^J: 
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^ifefl»Jl<t:|sI^fCLT. 3 a ^ 3 y (Dmm.^(Di^-^i&}m. is J: 

i^^mmmAn (x) *<(^b«^jct±, mmm^itf^m&L t^S: < ^:s> 

^^3InmJ^^±®J:enc + ^g^^M^LTla^■rs^:. AnW^ilTS:, 
An(X)=1.5045-(l. 5045-1. 50 1 2)x((X-M) 

m-^ifbmti j:xf X I'WFmm^m^^t^ ?><o o. i <o<o. 7 5 x- $> 

<bSi«®^«IS:XW, AnSrY«ii:LfeX-Yro.yh*«. Ttcatz^ 
n , a ii^ft^ C i£ 1# 14 S: ^^ S C T- ^ , tc T tc O i: ^j: t^, /j: < 
x=t, :)teiSe«il:^ri6jtcie-r>fcAn^<b^«©M«=S:X«i.(x=o~L) 

An^YHfitLfcX-vyno; An(X) = An 1 - (An 1 - 

An 2)x(X/L)<' '-em$nSftiai:An(X) = An 1 - (An 1 - 

An2)x(x/L)'» '» T'«$nsftia<tT-ia*nsfis«»z m 

^ 6 la %mm l 3 * ©i^g^^CO^^T , a n *<A n 1 ®1B« 

3fiS*<e Mc«:Stf-Ai)^fi®2<|F) $rd. . An*<An2®^J«JCfc 

^ ri A n 2 X' i> ^ mm m ± ^ ^ m. L m (o 1^ ^ m t - HL :Km 
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3 9 

( ^m.m 4 ) 

^ => V Y t. -^s^) :^ ^ )V ^ ^ ^ ^) \/ — V (PMMA). 3TiiLT 
^yi\A Khif ^ f^ — 7.\y V V \ (DRl)®^g^^=S:fflV^T, US^T. 

ja^^*<i;^>K<3!>ja»f^tC*rUT0.0 4 5 (*50.3%) i^<>5cSJ: 

M-75^-13»C<fcoT, U-IJ^^teSr-^^M/. 5^-16, 17$: 
> - ffiSft C5 ISI^ ^ 1 8 IC Bl U frf i«*44-x /I' 1 9 @ ^ L , 

fc. ^StSSOjBA (X=Oidid) *^e,X=4.6mlll An— 
T'*>oT. An = 0.004 5 T-*)S. X = 4.6mm*Ne>. (X = 
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4 0 

10 mm) *T?{±. An^^Jf^i^-Vih-oX. X=10mm^C*^^^T^i, An 
= 0.006 T'*>So A nm^Prntt^M. {X = 4.6mm) tmrgl^ <D X f^m 

®M$:Ax(=x-4.6) A nn<i^mmiz:^ii ^Mmm<D 

^Ift^Lfc. -t ^t>ib . X=4.6~10.0mmfC*?t%T, An(X) = 
1.5045-(1. 5045-1. 5006)x((X-4.6)/5.4)» * 

^L;t„ ^ (o ji ^ tj: A n -^^ (Dmi&^^m^ ^ r) . um^.^-i^on' 

^m^^lz.. l^fiftCLX, ^Ml^I 1 a — h 1^ — <D A n 3!)-^^fD#iS«SSrf^ 
MLfc (^•n^'nmiS0l|4a*N^4h) . 

fflS^iJ 1 f ,h {^-gt-r S „ ^S6 0iJ 4 a ~ 4 h <35^Stg&tC v^ X =b , 

l^filli. S«f^^'fb««T®ja»f^^J'fliBa»J^An(X)A<|^l;«^(Cti, 

*^o, ® »f ^Ig'fk^i^M S: fi?y A (df 3 mmJ-;^±<D J: e> ic v^^|ii: L 
TS^-rSi:, AnCD^fliSr, An(X) =1.5045-(1.5045 
-1.5012) X((X-M)/L)''(M:JS»f^-^««S. L:®^ 

citt. 0.1<a)<0.75T'*^o1#lC, ±iB©J:e>Ca> = 0.2'- 



wo 97/47998 PCT/JP97/02047 

4 1 

0.3 3 o!)J&^fct±.j(s^j»^. x^'flF^M^:=t^c«nfc^li*<^#«Dns, 

>fb«l«©Jiai«:Xltt, AnSrY«li:LfcX-YrO'>h*^. TtCtacfic 

X'h. ^m.^m:^^izm-DtcA n^it^momm^xnii (x=o~l), 

An^YmtLtcX-Y:/U-vhi!)<. An(X) = Anl-(An 1 
-An2)x(X/'L)'' ' T^$tLS*ili^i:An(X) = An 1 - (An 1 

-Dn 2)x(x/L)«' '*-e^$nsft«i:-cH*ns«J«tc*>nti, 
(iifis0y 5 ) 

:*/^7.T'«)r3T» An 0.04 3 , =iTfl**8AtmT-*>S^7r-Y>''? 
=S:|g8ElH^f«^*F3 IJC^Lii*. y t J'i 3 S (D ^ 
g2$rOltfc, )te77'>r>'^3 3©AD«ltcJ:y. K — /^>hT*>SGe*<a: 

y r ^ y'^izmw.(DU&^^ i:B^x ^ . mmm^^^Win^x^^, z.ay 
saufco ix^te7T-Y>''«©4'*^«i, An^^^®BaifiKJi^*«, m.Mm I a~ 

1 hi:{3:t£l^b3fe7T-l'>'^«:ill/aiLfc<^fifefl'>J5a~5h). |^liiSfi»J 
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. ^^s»^i:=fejc. ^mm I (D 1^ m inm m m -v ^ -o tz a 

T- t± . 7 T 'f' j» ® JC jg ^ < tC O n T . A n /Jn $ < Jfe S 7^ »t T' J& < , 

□ TS=t:*:tt < j&S. -tcDilsm, ^111109 1 t Ji it ^ T . 7T^/^(DMte 

«^ic=t, ^«sfi»i 1 ©«^<!: (^fifttc . mmm^itmiiiiv (DMmm^^m 

SS ff^ A n ( X ) (51 b ^ ^ « . S »r ^ <b ^ ^ S L :g < ^ « , 

J: U^X H^^{i[;i><|6l± L , *^ o , JS ^ * « « S S: ^ 3 
inmj;t±<Z) J: {C + ^:gV%{i[i: LTia^t-S i: . An®^)-^*!^:, An(X) 
= 1.5045-(1.5045 - 1.5006)x((X-M)/L)- (M : 

J^lf X U iff-^mi: mMib-t ^ to it . 0. l <co<0. ? 5 x- St> ^ z t: t:> 

o> = 0 . 2 (om-^izit^ ^^<Dmf&^ t. tttst Lx m-^isj 

mit 9 0 % T *> o T J* I^J ^ T' S , X U HF !g! M (i 3 IS tz ifij ± -r « z 

t i:> *^ , * . }&i0.ffnz z n lo 0) mmm iz tj: tn£ . ± ib tc 35 

tC?&ofcAnS!4k««<D)^ttlS:X*ft, AnS:Yttii:LfcX-Y:^p.y K 

{Ci!]ii:;Sce.^i:<T=t. ^»[<5i«:«rf^!l»c5G-5fcAn^YbS*«®J^«^:X«4 
(X=0~L), An^YtithLtLX-Y^ayhi)^. An(X) = An 1 
-(An l-An2)X(X/L)'' ' T'«$nSftjiai:An(X) = An 1 
-(An 1 - An 2)x(X/L)«>"»T'^$nSftM«tT-ia*tl,-5^^C 

^^OilS^J5!l^te<i:U'XH^^JZ*jiNTffnfe!|t'l4*<#«3n-5 
:i i: *< 4p ^ . 

( H JfiJS 0y 6 ) 
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iJ4«igT'*So 4 1 «3te7 T >r 4 2 if^wim^mm.^. 43it)^m 
4 4 J* u :3 4 5i±mi^{^m. 4 6tta>r;u^«i, 4 7 

2 1 X 23t7.-<' V^^-O — ^«6fi?J®_h®(gT*-So 4 2 afcct 

t/4 2bttpr«lii^#«[K> 4 6 a^J;T;f4 7 a t* ^ n ^ n.nl 86 IS ^ # 
fgi^ 4 2 a.m<D-=i >( JUmm^ J:Xfmmmi&B . 4 e b ^ J:Xf 4 7 b(*-5- 

n^nnTi!iM^5ijfi?&4 2 h mcD a jummi3 j:xfmfs^fiLm^ . 4 s a , 

48b. 48c;feJ:t/49dtiia^Sa3te«»8&> 49ateJ:t;f49bti 

ytx:tjm 5 0 a. 5 0 b*^eA:t;$nfcittt>i«pse4 3±tzBjK$n 
fcnrKi§a^#»[Kt4 2iC'i5;ii3ns, ytmm4 3 it.^ <D9cm^mmmu 

:5^«5*JJ:t/»lS«K5*^e^'5}«JKSttS4 7*^B^SnTV^S. i^igl 
fHttE4 7 tct±3>r;H|«i4 6 «r:frLT@g^U'5c<.''«igi*^e»li:t>*<«ili& 

tt^«50«|ltl^«lCLT. B?fSB«iit^(l)(x = 0.8 4) (D7':/?g'fb/-n 
'J W ^ K «r ± SP if' ^ K , J: tJf T 8P ^ K i: L T , it *> IK ± 

ii!Effiis«54 7 a{ctt«Bnt{*cigi4 5 B\ ^ ^ n ^ :B mm. ^ m. 

L, ?$/Km«£54 7 b tC{±fia[te*i^J^4 5 S:ig< 5l#Ott-5:&fSjJcm>!ftS: 

«E-ri:>tlt»4 3tt«a[ia5 1 ic^i-Ci: < ^Hl L^imm^m-fA^ 4 2 a 
(^@^M3\^92&%4 8 a(C. Wi&M5^«9z£%4 2 b(^Q^^3^#ig^% 
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4 8 c ^zmm^ ti^ , 

mmnm^ 4r 7 atej:T/4 7 b tL m^i^m 4 5 t (Dmx^^^-t 

itm^m%mi&^ 4 s a izmm^ , ztnz ^ ^) ^^(ow ^j^x^m 

^mmytmrn^ 4 2 b nmMmytmmm 4 8 ai n^mtn^ ntztkmiz^ 
pjmmmmmm 4 2 & nm^mi/amfAU 4 s ai <Dmt^^^(Dm:K 
m^m 1 1 miz^-To ^mmytmmm 4 2 a (Dmm 5 3 izi^t^-o x a n 

5 3^cISI*^oT^fe>^r^c^£;*:•r•5J:^^cLfc. isi:^fc. m^mytmfgLi^ 

48 a©SSffi54tCIfiI*NoTAn*?|S?^t-<£T-rS<fc^(Cbfc. An25 
■(1: ® « :^ =Sr 3 . 6 mm ti L . A n -fb « ^ fc »t S A n © ^ ^^J H Jfe^J 
1 fi:lB|«{cLfco C©Jt^®XH^^Mttl7/zm. i^^J»^ti8 5 

Rr«jM)fe«»[K4 2 a<hH^Si3te#&«&4 8 a (D 1^ {iL S. m it> m & i)^ m 

^ omxytT.^ y^tit^^ziiHi^x^tz. 
mi 2mit:^§^mtz J: &^Aiiii]ms<D-mmm<Dm^mxii>^, ^ 
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m^mmmi fumm^zL. mm^(o=E:- y >f - ji i^mt^mm^i^m 

Sffl©?L6 SisJiJfy:f h ^ :t - }^Wtm.m<Dl{, 6 5S:l9!Jt, ^tl^n 
tc. 7 ^ ^"^m^m 6 9 ^StH . n7mSfim<D^yT-(^^7 0^m 

jg?fii*<#si3(eji^^Tfey, h ly "7 > X i)< :K ^ u yt A m ti 

^ Z. iii)<X ^ tz , 

( ^iisfl^i 8 ) 

s . >> V n > mm. ± iz ^mm iz I f i: IhI tc u t ^ - h 7 ^ - ;u k m ^ 

^ n >©« 8 3 «:»± $ }ft t:: tB-r S ^iSKijaffi a n i: S J: e> 

»C|||ife«»Jlf©?l?JS[K84. 8 5 ^WnLtco Z©?fl83Cti747 $ 
^□>T*>r3Tifi[:g 1.3 /xm (D ^ ^ mM-f ^ i&MM^y ^ ^ 
8 6SrifALfc. c:cD>telS^##^3liSE%H»[:gl.3Am ®3te'S:»A 

m r&m ^ iz m A L fz ^ 7^ ^ X iz is X . *!^Bj©iE — -^u hM5 
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4 6 

immm 9 ) 

C #jg[gS 2 d i: J±^T <D X- M ^ -5 S: f^S L fc. i ) 1? 

«Eaf*@*^4/imT'«>SC:^. ii)lia[K9 4aP^J-©AnttO.O 0 9 OT' 

*»J. -S«f^^'^bMl*9 5^cfc-^^TAn3()<M^^^L, #iS«SiS®9 6»cfc 
v^X^i. An*«0.00 18 tC>5cSJ:^tcLfcC<t, iii)J®«f^^il« 

fc«a:S-|Sl{Cjt^o^An^'(b1S«9 5(DJ^«$rXttl (X=0~5.4mm) , 
An&Ytt|i:LfcX-Y:/p«;h*<. An(X)=0.0090- 

(0.00 9 0-0.0 0 1 8)x(x/L)« * xa$n-s.t^tcLfc:i 

i: . 

^4S9 ltCU--9'^5r-f:r-KiftBffl<3Da9 3Srl8;tt, »igiSgl.3 

Af5»i4AxinT'*S. *3t, ^7r-f>''«Ga^i(t9 8$rl8:lt. =iTS8 
iizmOt:7T'C>''?9 8«rH^Lfc. 

K9 2<DdlS*)te®8 5%X«>ofc. U — •<f4r^:t — K9 2i:)t7T-Cy'^ 

9 8$:ii[figg^ii«-t-'5Ji^tw(i. ^ne>®3Tfi®itt>(ceia-r s jK^ia 

o *S^igtCfclNT U-1f4J*>r':4- - K9 2 i: 9 4 . 
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i^mm 1 0 ) 

ifssi 0 4(cifi]*^oTi^iii>i.7--':^®i^ai^A^&±#$-it. 

1 0 4 ICiS] o T JS^^ A<^S^ '*'tC(£T1-S<te) ^iSKri T ^mmL . B 

•^[^^rf'^S^tfc. i ) 3T1 0 l©@*W/zinT'&-5C:<i;. ii) miSL^ 
1 0 l05An— 02©Ant± 0.0090 T'*>U. JSfir^S!'(b 
IgJSl 0 atcteVNT, An*<i»»[IS<!Bffil 04tC)6-:^<lconTi«i>L> 
«&?SiS®104tCfcVNTt*v An*<0.00 12 iz tj: ;s> J: ttZ L Z 
<t. iii)ja»f¥^P«^:^10 3tt5.4mm-C*>oT, C©1S«C*>Mt 
SAn©||g«tSa(i, 3t«Efe«5:&fa]lC«>o3tAn^'fk^^l 0 3(DJ?g«$: 
X«i(X = 0~5.4min), AnSrY||!ii:LfcX-Yya An{X) 
= 0.0090-(0. 0090-0. 00 1 8)x(X/5.4miii)'*^ 7?^ 

±ia A n «0fflI3te««EK Sr . :3 T fc J: 4^ v y K V ^ ^ K *^ €> JSc S 
An-^©^iftKl 0 6^g5Hbfc. An-;e»»[g&l 0 6tCfe^^T^i, 

Ant±j!S!30.004 5 T'*>S. 
itt55CfJ^LT3Tll4/imT-*y. An*<An = 0.0 09 ^© 
^ifiKl 0 7^$>t>'&Xi'pmL. An— ^©=iTl5 8Atm(Dll»ift«Sl08 
.tg^iBELife. An— ^^i^2&l08tCfct^T(*. &fil.3Atm <0%i)< 
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( ^Jfeflaj 11) 

m 1 6 1^ Bj tc j:^Y^Mix43fe7.-r y ^ <D ~ ^mm <D m^M 

-Qi>^. 3te;^-f->^l£ffil 2 ltc*,MtS3te«««KDr3Tl 2 2 ^m.Mm 
1 f i: Inl^tc t TS^ass® <c J: y f^SJi t . mi 6 0 c t . 

©gP^i-tt A n -^^«T- S . C Tf'^ja L Ac#ife«Stt. li ^ % 1 f i: 
(i^JtraJH^^TR^cS. nnri 2 2®^*t4/£in-e*>Sc:i:. ii) 
«1&«S1 2 2®An-^^Jgg®Antt0.0 0 9 0 T'^bU, JS^f^lS-fb 

fe^«r>Ttt, An 0.00 1 2 fc^cS<}:e>lcL3t3i:„ iii)Jia^^^P 
^ « :g *± 5.4 mm "^^^T. -©Mi*C^ftSAnflDB8«(^«, 5te&te 
«:^|Sj{CJtJ^fcAn $^itmi^ 1 0 3 Xlft (X=0~5.4mni) 

An$rYW|<tLfcX-Y:^D'y An(X)=0.00 90- 

(0.0090-0.00 1 8)x(X/5.4mm)«-* l?^$nS<k^fCL 

Z to 

i^mmm<D ±m ^ ^ y }^ ±iz^ p hmi:^ m\>^x ^ o . 2 dm 
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43t7>^-y^S«€rl#fc. 

1.3 /I m (D >ft i> > if )V =E — )^ m i> :n T U B fi m O =h <D X' :S> , 
1 x45fe7.-f'y^^LT. :2 T ^ 4 fi m <D M n m mm ^ m m -t ?> :i 

y ^ jc v> T t± , 3te 7 T -r © ^ iBi as ^ tc VN T ^ - }^m^m^-t 

mm^y^^<-( 7.^cfc^^T^*. TW^<'&:i^©3teei^8S4>C, 
( 1 2 ) 

T le -fb ^ ^ ® ^ 7 y 3g ^-f> ^ \^ (Dmmi^x ^ Ti'. 0 T 
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^# e. n r:^um i o 2 ©ffiusti . #92 o/im-c«>ofc. 1 0 2 j± , 

mi 7®tt. ®»f*:j^*fl^«sia<D-^^0-e ^> s , js »f * ^ ^ ff^ fig 
06<t)i^«j:a-ffiitt. svMcstt^-Wi (X, Y) 

•V 3b V . M'f-mm 1 0 3*^e®«^l^ — A 1 0 4(cSie'&:XY^jB±Sr 

(^iftA5^-5^=Sria^Lfc«^®XY5pffii^g||^i||lKg|j3:y-j.) ^ 
4x4Aim^ 4:LT3te#»[«Sl 13<Sr}jBiilLfeo i«3l^$:«SiBl0 8ffl!l*^ 

1 0 9*<®^bf-A$:Miat--5il?^!ajS-a:fc. 
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4-j«t±, f^m 9- - i:^ ^ m 4r m X ^ iz m ^ . mm i o s m^)^ 
ML . tf^mo^iz^ A:^(D^mm.^^mmLtzo mm Ltzm±^zm-(DJfi 

^1 8^tt, jg^Sl 08, 1 09$:«UtbLfem. iSfffil 08 35>^e»4 

^^'fe^i-^-e**. ^-K7^ — ^I^K*^^>«rfCt£:feLfc%«»EKl 1 3. 
1 1 5i:. ^-K7^-;UK*^ — 14. 1 16^^|^ — 

&m±izmmx ^ tz, 

^ |g ± ® ipj ffl nf tiit 
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^ ^ <D m m 

1 . A m * Jia T? ^ - K 7 - ^l' L * us /JN 1" s 3t # ^ C 

fcl^T, MB^miAJ^ii^M^^i)^ ^J: 0 . 3^ 2^ itt 75" I^HC M iS » ififc 

2 . A m sg -?? =E - K 7 ^ - K II ii£ A L * tz nm fbt ^ ytmm^ 

V'' X , 

3fejfit<5ltt:&|pl{cSia^j:316#fiKWr®tcfcMt-537'<OA#$j{><B(fia^« 

^ ^7 y K a »f * — ^ T y , 

5 . A tU fiffl T ^ - K 7 - K 15 S£ A L * iRg /JN T « it « J& K tc 

«r> T . 
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^ i: -5 316 31 »[J^. 

7 . Ii;^^3@5 *fcligf:*[JB6 ^zie«^<o^l»a[^Stc^3^^T, 




••• ( 1) 



»; ^ - C „ F , . . . ( m = 1 ~ 5 ) $: g Ift S i: L T # A L Ac-fx 'J 5 K 

s v> T , 
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i)^mt ^ J: ^ izm^isi^m^ V . 

tUV ^ ^ K F»3 gp T- 3fc Sr H & $ -fr * 
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